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摘  要 
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Cellulose is the most abundant natural polymer material on earth, which is made 
of β-D-glucose group through the 1,4-glycosidic bond with highly crystallinity 
structure. But due to its insoluble and infusible, it is difficult for processing and using 
widely. Because of its combustible, cellulose material can be costly in terms of man’s 
life and property. Therefore, it is significant to develop the low cost and good effect 
flame-retardant cellulose. 
Cellulose phosphate is a promising fame-retardant material. The hydroxy group 
for the glucose-ring of cellulose to be substitted by a certain amount of phosphate 
group and achieve the requirements for flame-retardant. There are few reports to a 
process for preparation of high substitution degree of cellulose phosphate, especially 
for the research on homogeneous phosphorylation. This thesis used the cheap paste 
cellulose as a raw material, comparative study on the reaction effect of directly 
phosphorylate cellulose by treating cellulose with phosphorous-cantaining reagents 
such as H3PO4, H3PO3, P2O5, P2O5/H2SO4, POCl3 and PCl3. The products obtained 
from these reaction systems of POCl3/DCE/Py and PCl3/DCE/Py have good 
flame-retardant properties. H2SO4/P2O5/DCE system show good potential, which 
could be used as an alternative to develop the fame-retardant material of cellulose 
phosphate. 
The process routes were selected and optimized for the phosphorylation of 
celllulose through the comparative study on the properties, structural characteristics 
and the surface morphology change rules by TG and SEM methods. Confirmed the 
structure of the product by FT-IR and CP/MAS NMR analytical tools. The initial 
results might be used for industrial applications. It will contribute to the flame 






















































符号 英文含义 中文含义 
n-Bu3N Tributylamine 三正丁胺 
CP Cellulose phosphate 纤维素磷酸酯 
CP/MAS NMR Cross polarization magic-angle-spinning 固体核磁共振 
DCE 1,2-Dichloroethane 1,2-二氯乙烷 
DMAc Dimethylacetamide N,N-二甲基乙酰胺 
DMF N,N-Dimethylformamide N,N-二甲基甲酰胺 
DMSO Dimethylsulfoxide 二甲亚砜 
DSp Degree of substitution 取代度 
DTG Derivative Thermogravimetric Analysis 差热重量分析 
Equiv. Equivalent 当量 
Et3N Triethylamine 三乙胺 
FT-IR Fourier Transform Infrared Spectrometry 傅氏转换红外光谱 
MCC Microcrystalline Cellulose 微晶纤维 
NMMO N-Methylmorpholine N-甲基吗啉 
NMR Nuclear Magnetic Resonance 核磁共振 
PF Paraformaldehyde 多聚甲醛 
Py Pyridine 吡啶 
r.t. Room Temperature 室温 
SEM Scanning Electron Microscope 扫描电子显微镜 
TEAC Tetraethylammonium chloride 四乙基氯化铵 
TG Thermal Gravimetric Analysis 热重分析 
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第一章  绪论 
1 
第一章  绪论 
1.1  纤维素简介 
纤维素是地球上最古老的天然高分子之一，是取之不尽、用之不绝的可再生
资源，广泛存在于树木、竹子、棉花、芦苇和其它高等植物中 (草本植物含 10% 
~ 25%，木材含 40% ~ 53%，亚麻等韧皮含 60% ~ 85%，棉花 ≥ 94%) [1, 2]。纤
维素来源于自然界的植物或微生物合成和体外合成 (图 1.1)[3]，植物的光合作用
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